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CONSPICUITY  OF TARGET LIGHTS: THE INFLUENCE OF 

FLASH RATE AND BRIGHTNESS 

M a r y  M. Connors 

Ames Research  Center 

SUMMARY 

For  most p i lo t s ,   co l l i s ion   avo idance   con t inues   t o  depend  on v i s u a l   s i g h t -  
ings.  The purpose  of th is  s tudy was t o  examine the   s t imu lus   cha rac t e r i s t i c s  
o f   l i gh t s   t ha t   migh t   a id  a p i l o t   t o  "see and  avoid, ' '   by  alert ing him t o  a 
po ten t i a l   t h rea t .   Th i s   s tudy  examined the   r e l a t ive   consp icu i ty   o f   fovea l ly  
equated,   point-source,   s teady  and  f lashing  l ights   of  several br ightnesses ,  
seen  against  a star background. From the   sub jec t ' s   v i ewpo in t ,   t hese   t a rge t  
l igh ts   could   appear  anywhere wi th in  a l a r g e  (40" hor i zon ta l  by 3 5 O  v e r t i c a l )  
f i e l d   o f  view. The l igh ts   appeared  a t  random time in t e rva l s   wh i l e   t he   sub jec t  
w a s  p e r i o d i c a l l y   d i s t r a c t e d  by a s imulated  cockpi t   task.  

The r e s u l t s   i n d i c a t e   t h a t   c o r r e c t   t a r g e t   d e t e c t i o n   i n c r e a s e d  and r eac t ion  
t ime   dec reased   w i th   i nc reased   t a rge t   i n t ens i ty .   S t eady   l i gh t s  were  missed 
more frequently  and  acquired more s lowly   than   f lash ing   l igh ts ,   bu t  no s i g n i f i -  
cant   dif ferences were found among t h e  wide  range  of  flash rates employed.  The 
i n t e n s i t y   o f   t h e   l i g h t   h a d  a g r e a t e r   e f f e c t  on both   de tec t ion   and   reac t ion  
t i m e   t o   s t e a d y   l i g h t s   t h a n   t o   f l a s h i n g   l i g h t s .  

This   s tudy   revea led   tha t   the   longes t   reac t ion   t imes   were   recorded   to  
l i g h t s  which  appeared e i t h e r  a t  the  extremes or at  t h e  very cen te r   o f   t he  
v i sua l  f i e l d .   S i n c e   t h i s   f i n d i n g  mimics t h e   r e t i n a l   s e n s i t i v i t y   p a t t e r n ,  it 
a p p e a r s   t h a t   t h e   s u b j e c t s   i n   t h i s  free sea rch   s i t ua t ion   began   t he i r   s ea rch  by 
focus ing   t he   cen te r   o f   t he   f i e ld   o f  view, acqui r ing  first t h o s e   t a r g e t s  which 
appeared  in   the  range  of  3 O - 8 O  from the   cen te r .  

INTRODUCTION 

Mida i r   co l l i s ions ,   a l t hough   r e l a t ive ly   i n f r equen t ,  do occur.  These  col- 
l i s i o n s  do n o t   u s u a l l y   a t t r a c t   n a t i o n a l   a t t e n t i o n   s i n c e  most co l l i s ions   occu r  
be tween  two  genera l   av ia t ion   a i rc raf t  ( re f .  1). However, occas iona l ly  a com- 
m e r c i a l   a i r c r a f t  i s  involved,  and less f requent ly ,  two  commercial a i r c r a f t .  
Near e l imina t ion   o f   co l l i s ions  w i l l  r e q u i r e   t h a t   f l i g h t s  be t o t a l l y  automated 
or tha t   co l l i s ion   avoidance  systems (CAS) be i n s t a l l e d .  The most feasible CASs 
under  development are cooperat ive systems, and  general   aviation  cannot  be 
expected t o  assume the   cos ts   o f   such  systems. Thus,  use  of even t h e  la tes t  
technology  protects  only  commercial   aircraft  from midai r   co l l i s ion   wi th   each  
o ther ,   l eav ing  most p o t e n t i a l   c o l l i s i o n   s i t u a t i o n s ,  a t  l eas t  f o r   t h e  near 
future ,   unresolved.  It i s  l i k e l y   t o  take many y e a r s   f o r  a workable   co l l i s ion  
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avoidance  system t o  be developed  and  longer  for it t o   b e   r e q u i r e d   f o r  a l l  air- 
Craft. I n   t h e  meant ime,   commercial ,   pr ivate ,   and  even  mil i tary  a i rcraf t   share  
much o f   t he  same a i r space ,   and   t he   po ten t i a l   fo r   des t ruc t ion  remains unabated. 
Thus t h e  see-and-avoid pr inciple   of   col l is ion  avoidance i s  s t i l l  a necessary 
procedure  for  a l l  types  of a i r c r a f t ,  and  in-many  cases , t he   on ly  one ava i lab le .  
The problem  then becomes  one o f   a i d i n g   t h e   p i l o t  so t h a t   h e  can see and  avoid 
a i r c r a f t   i n   h i s  area as e f f i c i e n t l y  and e f f e c t i v e l y  as poss ib le .  

There i s  ev idence   tha t  a p i l o t ' s  failure t o   a v o i d   a n o t h e r   a i r c r a f t  i s  due , 
i n   t h e  overwhelming majori ty   of   cases  , t o  a f a i l u r e   t o  see ( ref .  2 ) .  To 
a l l e v i a t e   t h i s  problem, a t  l e a s t   f o r   n i g h t t i m e   f l y i n g ,   l i g h t i n g   c h a r a c t e r i s t i c s  
have   rece ived   increased   a t ten t ion   in   recent  years. The 1968 Near Midair  Colli-  
s ion  (NMAC) s tudy (ref.  3 )  reports   that   for   hazardous  night   occurrences,  
l i g h t s  were t h e  f i r s t  cause  of a ler t  f o r  49 of   t he  70 inc iden t s .  (A somewhat 
surpr i s ing   aspec t   o f   th i s   s tudy  was t h a t   n a v i g a t i o n   l i g h t s  were spot ted  more 
f requent ly   than   ro ta t ing   beacons  whose h i g h e r   i n t e n s i t y  might  have  been 
expected t o   g i v e  them a v i s ib i l i t y   advan tage . )  A general   conclusion  of   the 
NMAC s tudy was t h a t  "predominant among a l l  recommendations f o r   b e t t e r   a i r c r a f t  
l i gh t ing . . . h igh   i n t ens i ty   s t robe   l i gh t s   shou ld   be   r equ i r ed   fo r  a l l  a i r c r a f t . "  

The s tudy  descr ibed  in   this   paper   looked at cer ta in   s t imulus   charac te r i s -  
t i c s  of   l igh t ing   sys tems  tha t  may suggest more e f f e c t i v e  ways o f   a t t r a c t i n g  a 
p i l o t  or c o p i l o t ' s   a t t e n t i o n   t o   t h e   o u t s i d e  of the   cockpi t  when he may be 
engaged in   cockp i t   du t i e s  and n o t   a c t i v e l y   s e a r c h i n g   f o r   o t h e r   a i r c r a f t .  This  
i s  the  problem  of   visual   a t tent ion-get t ing,  or conspicui ty .   Al though  this  
problem  shares many cha rac t e r i s t i c s   w i th   t he   ques t ion   o f   pe rcep t ion   ( s ince  
what cannot  be  seen  cannot  be  attention-getting) i t  goes well beyond t h e  ques- 
t ion   o f   s imple   th reshold   percept ion .  

Hambacher and  Gallup ( ref .  4 )  , us ing   near   cockpi t   v i s ion   and   s t imul i   tha t  
appeared at a f ixed  angular   dis tance  f rom  f ixat ion,   found no d i f f e r e n c e s   i n  
r eac t ion  time between  steady  and 2-Hz f l a sh ing   l i gh t s   t ha t   appea red   w i th in   t he  
v i s u a l   f i e l d  of the   subjec t   under   the   n ight t ime  condi t ion .  They found a d i f -  
ference,   favoring the  f l a s h i n g   l i g h t ,  when t h e   l i g h t  f i r s t  appeared  outside 
the  s u b j e c t ' s   f i e l d   o f  view.  Steady  l ights were  missed more frequent ly   than 
f l a sh ing   l i gh t s   unde r   bo th   cond i t ions ,   t ha t  i s ,  outs ide  and i n s i d e   t h e  sub- 
j e c t ' s   f i e l d   o f  view. S imi l a r ly ,   L inco ln   e t  a l .  ( ref .  5 )  found  no e f f e c t  on 
t h e  time requ i r ed   fo r   b r igh tness   d i sc r imina t ion   fo r   f l a shes   va ry ing  from 0.6 
t o  2.8 Hz. 

Gerathewohl ( re f .  6 )  u s e d   t a r g e t   l i g h t s   t h a t   a p p e a r e d   i n  a f ixed   l oca t ion  
15.5O above t h e   c e n t r a l  l i n e  of s i g h t ,   t h e   s t e a d y  or lower  frequency  signal 
appearing on t h e  l e f t ,  t h e   i n t e r m i t t e n t  or higher   f requency  s ignal  on t h e  
r i g h t .  He found t h a t  a f l a s h i n g   w h i t e   l i g h t  i s  more conspicuous  than a s teady 
w h i t e   l i g h t  a t  low-contrast   thresholds;  a s t e a d y   l i g h t  i s  more conspicuous 
than  a f l a s h i n g   l i g h t  a t  h igh-cont ras t   l eve ls .  He r epor t ed   t ha t  a t  high con- 
trast  or frequency a change i n   t h e   o p p o s i t e   f a c t o r   d i d   n o t   s i g n i f i c a n t l y  
i n f l u e n c e   t h e   r e s u l t s ;  a t  low con t ra s t ,   consp icu i ty   i nc reased   w i th   f l a sh  fre- 
quency; a t  low frequency,   conspicui ty   increased  with  contrast .  

Edwards ( r e f .  7 )  asked h i s   s u b j e c t s   t o   r e p o r t  which of two l i g h t s  w a s  
more a t ten t ion-ge t t ing .  I n  one condition,  the  observer  looked  from one l i g h t  
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t o   t h e   o t h e r ;   i n   t h e   s e c o n d   c o n d i t i o n ,   t h e   s u b j e c t   l o o k e d  between t h e   l i g h t s .  
Edwayds found no s i g n i f i c a n t   d i f f e r e n c e s  among l igh t s   ove r   t he   r ange  of 1.55 
t o  2.75 Hz. Although Edwards refers t o   t h i s   t a s k  as "conspicu i ty ,"   h i s   t ask  
implies  a combination  of  perception and preference  and  differs   conceptual ly  
from t h e  meaning of   conspicui ty  as used  by  Gerathewohl (refs. 6, 8, and 9 )  and 
i n  the   p resent   s tudy .  

Aitken e t  a l .  ( re f .  1 0 )  measured  both  skin  conductance  and  subjective 
preference t o  f l a s h  rates ranging from 1.0 t o  2.33 Hz. Over time, sk in  resis- 
tance was higher   with  higher   f requencies .  If t h i s   i n c r e a s e d   s k i n   r e s i s t a n c e  
i s  assumed t o  have  the same r e l a t i o n s h i p   t o  alertness as has  been  found i n  
o the r   s i t ua t ions  ( re f .  11) , a higher  frequency would  imply a h i g h e r   l e v e l  of 
a l e r tnes s .  However, the  preference  data  favored  the  lower  frequencies of 
1.0 and 1.33 Hz. These  authors  conclude  that   the  preference  data are more 
r e l i a b l e   i n d i c a t o r s   o f   t h e   a c c e p t a b i l i t y  of var ious  f requencies   than  skin con- 
ductance. They conclude  that  drowsiness may be  associated  with low frequencies  
and mi ld   i r r i t a t ion   w i th   h igh   f r equenc ie s ,  and g i v e   q u a l i f i e d   s u p p o r t   t o   u s e  of 
lower  frequencies.  

These s tud ie s   i nd ica t e   t ha t   unde r  some, but   not  a l l ,  cond i t ions ,   f l a sh ing  
l i g h t s  are super ior   to   s teady   l igh ts .   In   addi t ion ,   Gera thewohl  ( re f .  6 )  pre- 
sents  evidence  for  superior  performance  with  higher  frequencies,   while  the  data 
of t he   A i tken   e t  al.  ( r e f .  1 0 )  on skin  conductance  provide  the  physiological  
r a t iona le   fo r   expec t ing  improved  performance  with  higher  frequencies,  although 
t h i s  improved  performance may n o t   t r a n s l a t e   i n t o   p i l o t   a c c e p t a n c e .  

One problem  inherent   in   l abora tory   inves t iga t ions   o f   conspicu i ty  i s  t h a t  
t he   sub jec t ,   because   o f   h i s   pa r t i c ipa t ion  i n  the   s tudy  and i n s t r u c t i o n s   t h a t  
must be  given him, i s  a l ready  a t  l e a s t   p a r t i a l l y   a t t e n d i n g   t o   t h e   t a s k  which 
i s  "ge t t i ng"   h i s   a t t en t ion .  He i s  not  as d i s t r a c t e d  as he would b e   i n   t h e  
more complex,  real-world  situation. A second  l imitat ion of t h e  vast major i ty  
of   conspicui ty   s tudies  i s  associated  with  the  use  of  a small f i e l d  of view, 
f e w  p o t e n t i a l   t a r g e t   p o s i t i o n s ,  and nea r   v i s ion  - condi t ions   tha t   p robably  
reduce  differences among s t i m u l i  and are not   representa t ive   o f   the   a i r - to-a i r  
viewing  s i tuat ion.  

The present   s tudy  was an  attempt t o   e v a l u a t e   t h e   c o n s p i c u i t y - l i g h t i n g  
r e l a t i o n s h i p   f o r   c o n d i t i o n s   t h a t  are at l e a s t   p a r t i a l l y   r e p r e s e n t a t i v e  of t h e  
actual   a i rcraf t - l ight ing  problem.  Specif ical ly ,   the   experiment  was designed 
t o  de te rmine   the   compara t ive   a t ten t ion-ge t t ing   charac te r i s t ics   o f   s teady   and  
of f l a s h i n g   l i g h t s   o v e r  a range  of   br ightnesses   (seen a t  appa ren t   i n f in i ty )  , 
with   l igh ts   appear ing   in   unpredic tab le   pos i t ions  and over a reasonably  large 
search area. Particular  emphasis was placed on de te rmin ing   t he   r e l a t ive  con- 
s p i c u i t y  of s t e a d y   l i g h t s  and l i g h t s  of v a r i o u s   f l a s h   r a t e s  which  appeared 
whi le   the   subjec t  w a s  monitoring  an on-going t a sk   t ha t   pe r iod ica l ly   r equ i r ed  
in- the-cockpi t   f ixat ion.  
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The subjec t ' s   observ ing   s ta t ion  was mounted on a p l a t f o r m   i n   t h e   c e n t e r  
of a l a r g e ,   l i g h t - t i g h t  room.  The subjec t  sat on an   ad jus t ab le   a i r c ra f t   s ea t  
and pos i t i oned   h i s   head  on a c h i n   r e s t  i n  such a way t h a t   h i s   l i n e   o f   s i g h t  
was normal t o   t h e   b l a c k  wall which  he  faced. This w a l l  was 9.14 m from t h e  
subjec t  and  measured  7.62 m wide  by  6.25 m high,   providing a v i s u a l   a n g l e   t o  
the  subject   of   approximately 40" ho r i zon ta l  by  34.5" v e r t i c a l .  A star back- 
ground w a s  simulated by 50-poin t   source   l igh ts   by   vary ing   in tens i t ies ,  mounted 
i n   t h e  w a l l .  Among these  "stars," 20-point  source  target  l ights  were  posi-  
t i oned  randomly wi th   r ega rd   t o   mer id i an   ( s e l ec t ed  from a poss ib l e  1" t o  360") 
and displacement   f rom  the  central ,   eye- level   posi t ion (0" t o  17"). The s ing le  
r e s t r i c t i o n  imposed  on t h i s  random s e l e c t i o n  was that  each  quadrant  should con- 
t a i n  f i v e   t a r g e t   l i g h t s .  One l i g h t  , ass igned   to   the   upper   l e f t   quadrant  , drew 
a 0" displacement  and w a s  ass igned   the   cen t ra l   pos i t ion .  

The t a r g e t   l i g h t s  were  Bausch  and Lomb 2.5 V ,  white,   center-fi lament 
tungsten  lamps.  Light  from  each  target  source w a s  d i r e c t e d  a t  the   observer ' s  
posi t ion  through a circular  point-source  aperture  of  0.046 cm diameter. T a r -  
g e t   l i g h t s  were  matched i n   a p p a r e n t   i n t e n s i t y   f o r  a s e r i e s  of   observers ;   these 
equa l   i n t ens i ty   pos i t i on ings  were s e t  and  maintained by potentiometers 
a t t ached   t o   each   l i gh t .  A s p e c t r a l   c o n v e r s i o n   f i l t e r   ( # 8 0 ~ ) ,   p l a c e d   b e f o r e  
each   t a rge t   l i gh t  , r e s u l t e d   i n  a more acceptab le   "whi te"   l igh t   ( t r i s t imulus  
coordinates x = 0.368,  y = 0.358) compared with  the  s l ight   yel lowness   of   the  
source.  Servo-operated f i l t e r  wheels  with 16 ava i l ab le   pos i t i ons  were  placed 
before   each   ta rge t   l igh t .  For t he   p re sen t   expe r imen t   on ly   wh i t e   t a rge t   l i gh t s  
were  used. The br ightnesses   of   these  white   l ights   were  var ied by n e u t r a l - t i n t  
f i l t e r s  mounted on t h e   f i l t e r  wheels. A l l  f i l t e r s  were e i the r   spec ia l   pu r -  
chased i n   s h e e t s   l a r g e  enough s o  that  they  could a l l  be  cut  from a s ingle   ge la -  
t i n   f i l t e r ,  or measured  and  equated  for  transmittance  with a Beckman DK-2A 
spectrophotometer. The t a r g e t   l i g h t s  were v e r i f i e d   v i s u a l l y   f o r   e q u a l i t y  of 
apparent   in tens i ty  a t  each f i l t e r   p o s i t i o n   u s e d .  The exper imenter ' s   s ta t ion  
( f i g .  1) which was i n  an adjoining room, contained a panel  of  "master" f i l t e r  
wheel  controls on which the   appropr ia te   in tens i ty   condi t ion  w a s  s e t   fo r   each  
l i gh t   p r io r   t o   each   expe r imen ta l   run .   F i l t e r -whee l   s e t t i ngs  were  duplicated 
by the  "slave" filter wheel  mounted i n   f r o n t   o f   t h e   t a r g e t   l i g h t .  The remain- 
der  of the   exper imenta l   var iab les ,  tha t  i s ,  the   o rde r ings   o f   t a rge t   l i gh t s ,  
f l a s h   r a t e s ,  and  on-off  duration$,  were  selected by p r e p r o g r m e d   t a p e s .  Dis- 
p l ays   fo r   t he   aux i l i a ry ,   a r i t hme t i c   t a sk  were  mounted on a t a b l e  40.6 cm i n  
f ront   of  , and d iagonal ly   be low  the   subjec t ' s   l ine   o f   s igh t   ( f ig .  2 ) .  

PROCEDURE 

Auxiliary  Task 

A software  program  generated a se r i e s   o f  numbers  from 0 t o  9 i n  s e t s  of 
fou r ;   t hese  numbers appeared as the   v i sua l   readout   d i sp lays   o f   the  amiZiarq 
task .  The d i s t r i b u t i o n  of t h e  sums of these  numbers peaked  around  the 
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c r i t e r i o n  of 19, becoming 
l a r g e r  and smaller  sums. 

less frequent  as t h e  program  generated numbers of 
All combinations  of numbers t h a t  summed t o   l e s s   t h a n  

1 4  or t o  more than  24 were discarded by t h e  program.  Those  remaining  were 
u s e d   i n  the a u x i l i a r y   t a s k  as descr ibed below. 

The purpose  of  the a d Z i a r y   t a s k  was t o   d i v i d e   t h e   s u b j e c t ' s   a t t e n t i o n  
i n  a manner analogous t o   t h e   a i r c r a f t   v i e w i n g   s i t u a t i o n   i n  which the   observer  
must s ea rch   fo r   o the r   a i r c ra f t   wh i l e   a t t end ing   t o   cockp i t   du t i e s .  The a m i z i -  
ary task w a s  presented a t  10-sec   in te rva ls   and   the   subjec t  was i n s t r u c t e d   t o  
monitor t h i s  task   th roughout   the   sess ion .  The subject  viewed a readout  display 
on which  four numbers appeared  simultaneously and  remained v i s i b l e   f o r  3 sec. 
The subjec t  w a s  instructed  to   depress   the  dimly  i l luminated  green  switch  below 
h i s   l e f t   i n d e x   f i n g e r  i f  t h e  sum of  these  four  numbers was  l e s s   t h a n  or equal  
t o   t h e   c r i t e r i o n   o f  19. If t h e  sum of   the   four  numbers exceeded   the   c r i te r ion  
number, the  subject   depressed a corresponding  switch  below  his  r ight  index 
f inge r .  The subjec t ' s   response  was recorded i f  he  responded  e i ther   during  the 
3 sec when the   d i sp lay   readout  was v i s i b l e  or up t o  1.5 s e c   a f t e r  it dis-  
appeared. If he   r e sponded   a f t e r   t h i s  4.5-sec i n t e r v a l ,  or i f  he  did  not 
respond, a reading  of Ifno response" w a s  recorded. 

The presentsa t ion   ra te   o f  10 sec  from the  onset  of one  problem s e t   t o   t h e  
onse t   o f   the   next   forced   the   subjec t   to  a reasonably  high  level  of concentra- 
t i o n ,  and also  a l lowed him to   ma in ta in  a h igh   l eve l  of  accuracy.  Although  the 
subjec t  was provided no feedback,  he w a s  genera l ly  aware  of his  performance, 
since  he had the  balance of the  10-sec t r ia l  i n t e r v a l   a f t e r  making his   response 
t o   r e c a l c u l a t e  h i s  figures.   Performance  data  were  available on counters so 
that  the  experimenter  could  follow  the  subject 's   performance as it occurred. 
By t h e  start of the  formal  experiment,  a l l  subjects  were  responding  correctly 
t o  about 80 percent   of   the  t r i a l s  wi th in   the  above  t ime  constraints.  For t h e  
auxiziary  task,  cor rec t ,   i nco r rec t  , and "no response"  frequencies  were 
recorded. 

Target-Detection  Task 

For t he  main task o f   de t ec t ing   t a rge t s   aga ins t  a star background,  the 
t o t a l   t i m e  from the   appearance  of   the  target   to   the  complet ion  of   the  par t icu-  
lar  presentat ion  ( including  off- t ime as wel l  as on-time f o r   f l a s h i n g   l i g h t s )  
w a s  3 sec. The subjec ts   were   ins t ruc ted   to   respond  to  a l l  l i g h t s ,   f l a s h i n g  or 
steady,  t ha t  appeared  against   the  star background. If the   subjec t   de tec ted  a 
t a r g e t   i n   t h e  s tar  f i e l d   i n   f r o n t  of h i m ,  he  depressed a small but ton   loca ted  
s l i g h t l y  below  and  between the response   bu t tons   for   the  auxi l iary  task.  After  
t he   p re sen ta t ion  of t h e   t a r g e t  , the   subjec t   had  an add i t iona l  2 s e c   t o   r e c o r d  
h i s   s igh t ing .  While t h e  a u x i l i a r y ,  ar i thmet ic  task appeared a t  r egu la r   i n t e r -  
vals ,   the   pr imary target   task  w a s  presented a t  in t e rva l s   va ry ing  randomly 
between 8 and 26 sec   in   1 -sec   s teps .   Dur ing   the   t ra in ing   sess ions ,   per for -  
mance on t h e  target   task  rose   to   approximate ly  70 percent   correct   response,  or 
b e t t e r ,   f o r  a l l  subjec ts .  

Each  of 10 male,  college-student  subjects  viewed  each  combination  of 
l i g h t   p o s i t i o n  (20 )  , br ightness  ( 3 ) ,  and f l a s h   r a t e  ( 5 )  , twice  (one 
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r e p l i c a t i o n ) ,   f o r  a t o t a l  of 600 p resen ta t ions   fo r   each   sub jec t .  The 20 l i g h t  
posi t ions  used are shown i n   f i g u r e  3. The dimmest t a r g e t   i n t e n s i t y  was equiva- 
l e n t   t o  about 0.01 ml, j u s t   s u f f i c i e n t   t o   b e   c o m f o r t a b l y   v i s i b l e   i n   f o v e a l  
v i s i o n  after t h e  10-min dark-adapta t ion   per iod   tha t   p receded   each   sess ion .  
The  medium i n t e n s i t y  was 0.5 l o g   u n i t s   h i g h e r ,   a n d   t h e   h i g h   i n t e n s i t y  1.0 l o g  
uni t s   h igher ,   than   the   lowes t   se t t ing .  The on-off  duty  cycle was constant  at 
0.5/0.5  and the  exposure  durat ion w a s  3 sec  throughout .   Flash rates were 1 Hz 
(500 msec on/500 msec o f f ,   r epea ted  3 times); 2 Hz (250 msec/250  msec, 6 
f l a s h e s ) ;  3 Hz (166 msec/167  msec, 9 f l a s h e s ) ;  4 Hz (125  msec/125  msec, 1 2  
f l a s h e s ) ;  and a s t e a d y   l i g h t  of  3-sec  duration.  For a l l  f l a s h  rates,  t h e  
e n e r g y   l e v e l   ( t o t a l  on time) was constant .   Total  on t i m e   f o r   t h e   s t e a d y   l i g h t  
was doub le   t ha t   o f   t he   f l a sh ing   l i gh t s .   ( In  an earlier p i l o t   s t u d y ,  a l l  
l i g h t s   i n c l u d i n g   t h e   s t e a d y   l i g h t  were  equated  for  equal  energy  output. The 
s t e a d y   l i g h t   i n  t h i s  case was 1500 msec on, 1500 msec o f f ,  1 f lash .   This  con- 
d i t i o n   r e s u l t e d   i n   r e a c t i o n   t o   t h e   s t e a d y   l i g h t   t h a t  w a s  so markedly i n f e r i o r  
t o   r e a c t i o n   t o  t he  f l a s h i n g   l i g h t s   t h a t  a further  comparison seemed unneces- 
sary.) In  the  present  experiment,   exposure  duration  from  the  beginning  of  the 
first t o   t h e  end o f   t h e  l as t  f l a s h  was cons t an t   fo r  a l l  condi t ions.  

I n  each  of s ix   experimental   sessions,   each  subject  viewed 100 t a r g e t  
l i g h t s  - 20 in   each  of 5 experimental  runs. Each run contained one presenta-  
tion  of  each  of the  20 t a r g e t   l i g h t s .  A random-selection  program  ordered  the 
p re sen ta t ion   o f   t hese   l i gh t s   w i th in  a run. A s  p a r t  of t h e  same software  pro- 
gram, the o t h e r   v a r i a b l e s ,   i n t e n s i t y  and f l a s h  ra te ,  were randomized  without 
replacement  within a r ep l i ca t ion   (ove r  5 experimental   sessions) .   Separate  
t apes  were   genera ted   for   the   rep l ica ted   sess ions  so  tha t   th roughout   the   exper i -  
ment the  subjects   never   viewed  the same o rde r   o f   t a rge t   l i gh t s   p re sen ta t ions  
twice.  Reaction times t o  s igh t ings ,  as we l l  as co r rec t  and incorrect   (missed)  
responses , were recorded. 

EXPERIMENTAL  CONDITIONS 

The subjects   used  binocular   vis ion  throughout  the  experiment. The experi-  
ment room was darkened s o  tha t  the   subjec t   could   see   no th ing  i n  t h e   v i s u a l  
environment   except   the  response  but tons  of   the   ar i thmetic   task and t h e  s tar  
background a t  appa ren t   i n f in i ty   aga ins t  which the   t a rge t   l i gh t s   appea red .  The 
subjects   used a f ree  s e a r c h   p a t t e r n   f o r   d e t e c t i n g   t a r g e t   l i g h t s .  Each subjec t  
w a s  given  several   days  of   pre-experimental   t ra ining  to   a l low  his   performance,  
both on the  pr imary target t a s k  and on the  secondary au&liary t a s k ,  t o  become 
s t a b i l i z e d .  Each subject  dark-adapted  for  from 10 t o  15  min p r i o r  t o  each 
session.  The experiment commenced  when t h e  stars i n   t h e  background  could  be 
acquired  foveal ly .   Subjects  were g i v e n   n o   i n d i c a t i o n   o f   t h e   r e l a t i v e   p r i o r i t y  
of t h e   t a s k s ,   n o r   d i d   t h e y  know the   t ime   pe r iods   i n  which they  were  expected 
t o  respond. A s  i n   t h e   t r a i n i n g   s e s s i o n s ,   t h e y  were i n s t r u c t e d   t o   r e s p o n d   t o  
bo th   t a sks  as quickly  and as accura te ly  as poss ib l e .  
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RESULTS 

The purpose  of  the auxiliary t a s k  w a s  t o   d i s t r a c t   t h e   s u b j e c t .  The con- 
d i t i on   o f   be ing   d i s t r ac t ed  was o f   g rea t e r  i n t e re s t  i n   t h i s   e x p e r i m e n t   t h a n   t h e  
subject 's  performance on this   task.   Therefore ,   data   concerning  performance on 
t h e  auxi l iary  ta sk  are not   presented  here .  

Responses t o   t h e  t a r g e t   t a s k  were ana lyzed   in  terms of   the  number of tar- 
ge t s   co r rec t ly   de t ec t ed  and i n  terms of   subjec t   reac t ion  time. These measures 
are no t   t o t a l ly   i ndependen t ,   s ince ,   fo r  st imuli  t h a t  were not   de tec ted ,  a 
r eac t ion  time of 5 sec  was e n t e r e d   i n t o   t h e   r e a c t i o n  time ca lcu la t ions .  An 
analysis  of  variance  performed on t h e ' d e t e c t i o n   d a t a   r e s u l t e d   i n  F r a t i o s  
t h a t  were. s i g n i f i c a n t l y   d i f f e r e n t  from  chance f o r  a l l  main and  double  interac- 
t i o n   e f f e c t s .  The r eac t ion  time ana lys i s  of var iance  produced  s ignif icant  
r e s u l t s   f o r  a l l  main e f f ec t s   and   fo r  two-way i n t e r a c t i o n   e f f e c t s ,   w i t h   t h e  
except ion   of   the   l igh t   pos i t ion- f lash  rate in t e rac t ion .  Both sets o f   da t a  
were fur ther   analyzed by  Duncan's Method of  Multiple Comparison ( re f .  1 2 ) .  

The ove ra l l   d i f f e rences   i n   o rde r ing  among leve ls   o f   in tens i ty   and  among 
l eve l s   o f   f l a sh  rate axe shown i n   t a b l e  1. For t h i s  and l a t e r  tables ,  f i g u r e s  
in   pa ren theses  below t h e   s t i m u l u s   c o n d i t i o n   r e f e r   t o   t h e  mean reac t ion   t imes .  
A cont inuous  l ine  below  adjoining  s t imulus  levels   indicates   that   those  levels  
are n o t   s i g n i f i c a n t l y   d i f f e r e n t  from  each  other. A comma between levels ind i -  
cates  that   performance a t  those  levels w a s  t h e  same; a dash   ind ica tes  a d i f -  
f e r e n c e   i n   t h e   d i r e c t i o n   i n d i c a t e d   t h a t  w a s  n o t   s u f f i c i e n t l y   l a r g e   t o   b e  
s t a t i s t i c a l l y   s i g n i f i c a n t  a t  t h e  p = 0.05 l eve l .  

Table 1 shows tha t   co r rec t   t a rge t   de t ec t ion   i nc reased  and reac t ion   t imes  
decreased   wi th   increases   in   t a rge t   in tens i ty .  For t he   s t eady- f l a sh ing   l i gh t  
comparison, it was found t h a t   t h e   s t e a d y   l i g h t ,  even with i t s  energy  advantage, 
w a s  marked ly   i n fe r io r   t o  a l l  f l a s h i n g   l i g h t s .  Among t h e   f l a s h i n g   l i g h t s ,  no 
d i f fe rences  were  found f o r   t h e s e  combined da ta   tha t   could  be a t t r i b u t e d   w i t h  
95-percent   cer ta inty  to   other   than  chance.  

Table 2 compares i n t e n s i t i e s   f o r  a f i x e d   f l a s h  ra te .  Although the   in ten-  
s i t y   o rde r ings   r ema in   v i r tua l ly   t he  same over a l l  f lash-rate   condi t ions  and  for  
botYl methods  of  measurement, g rea t e r   d i sc r imina t ion  among responses t o  var ious  
i n t e n s i t y   l e v e l s  i s  found a t  the   s t eady  and a t  t h e  4-Hz condi t ions  than a t  t h e  
lower  f lash rates. The react ion-t ime  data   general ly   mirror   the  f indings  of  
t he   de t ec t ion   da t a ,   bu t   w i th   g rea t e r   s ens i t i v i ty .  

Table 3 shows the   re la t ionships   found among f l a s h  rates at f i x e d   i n t e n s i t y  
levels. Although the   s t eady   l i gh t   r e su l t s   i n   poore r   pe r fo rmance   t han  any 
f l a sh ing   l i gh t   cond i t ion  a t  a l l  i n t e n s i t y  levels,  the   d i f fe rences   reach  statis- 
t i c a l   s i g n i f i c a n c e   o n l y  at t h e  medium and at t h e  low i n t e n s i t y  levels. I n  
th i s   ana lys i s ,   the   de tec t ion   da ta   and   the   reac t ion- t ime  da ta   y ie ld   ident ica l  
r e s u l t s   i n   d e l i n e a t i n g   s t a t i s t i c a l l y   s i g n i f i c a n t   d i f f e r e n c e s .  

The f ind ings   concern ing   the   in f luence   o f   l igh t   pos i t ion  do not  support  
any  simple  hypothesis. The de tec t ion   da t a  reveal no cons i s t en t   t r ends .  The 
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react ion-t ime  data  show no   cons i s t en t   t endenc ie s   fo r   e i t he r   hemisphe re  ( l e f t  
or r i g h t  , upper or lower) or quadrant  (upper l e f t ,  upper   r igh t  , lower l e f t ,  
l o w e r   r i g h t )   t o   l e a d   t o   s l o w e r  or faster percept ions.  However, t h e r e  does 
seem t o  be a more complicated  re la t ionship  between  l ight   posi t ion  and  subject  
response time. One f a c t o r   i n  t h i s  r e l a t i o n s h i p   a p p e a r s   t o  be the   d i s t ance  of 
t h e   l i g h t  from t h e   c e n t e r   o f   t h e   f i e l d   o f  view. Figure 4 shows mean r eac t ion  
times as a f u n c t i o n   o f   t h e   d i s t a n c e   o f   t h e   l i g h t  from t h e   c e n t e r   o f   t h e   v i s u a l  
f i e l d  for each  intensiky level. Curves have been f i t t e d   v i s u a l l y  t o  a i d   t h e  
reader.   Although  these  data are far f rom  cons is ten t ,   there  i s  a tendency  for 
longer   reac t ion  times t o   b e   a s s o c i a t e d   w i t h   l i g h t s  at t h e  extremes and at t h e  
c e n t e r   o f   t h e   v i s u a l   f i e l d  compared w i t h  t h o s e   i n   t h e  3 O - 8 O  peripheral   range.  
The most notable   and  consis tent   responses  were t o   t h e   l i g h t   t h a t   o c c u p i e d   t h e  
c e n t r a l   p o s i t i o n ;   t h i s   l i g h t   h a d  a r e l a t i v e l y   l o n g   r e a c t i o n  time at  a l l  
i n t e n s i t y  levels. 

DISCUSSION 

The p resen t - s tudy   i nd ica t e s   t ha t   t he re  i s  a clear   conspicui ty   advantage 
in   us ing   f lash ing   whi te   l igh ts   (even   wi th   the   concomi tan t   reduct ion   in   phot ic  
energy)   over   s teady  white   l ights ,  when seen  against  a star background. I n   t h e  
p re sen t   s tudy ,   t he   f l a sh  rates invest igated  covered a broad  range.  Although 
t h e r e  i s  some ev idence   t ha t   sub jec t s   t end   t o   r e spond  more s l o w l y   t o  a 1-Hz 
f l a sh   t han   t o   f l a shes   o f   h ighe r   f r equency ,   t he   d i f f e rences  among flash rates 
are small and  inconsistent.  There i s  no  indicat ion  of  a monotonic r e l a t ion -  
s h i p  between f l a s h  ra te  and  conspicuity as Gerathewohl  has  reported  (ref.  6 ) .  
The l ack   o f   s ign i f i cance   o f   t he   l i gh t   pos i t i on  - f l a s h - r a t e   i n t e r a c t i o n   i n d i -  
c a t e s   t h a t   t h e s e   f l a s h - r a t e   r e l a t i o n s h i p s   a p p l y   t o   t h e   e n t i r e   v i s u a l   f i e l d  
inves t iga ted .  

Ta rge t   i n t ens i ty   d i f f e rences  had g r e a t e r   e f f e c t  on both   de tec t ion  and 
r eac t ion  time f o r   s t e a d y   l i g h t s   t h a n   f o r   f l a s h i n g   l i g h t s   ( s e e   t a b l e  2 ) .  
I nc reas ing   t he   i n t ens i ty  by a l o g   u n i t   d i d   s i g n i f i c a n t l y   s h o r t e n   r e a c t i o n  time 
at  a l l  f l a s h  ra tes ,  a l though   fo r   t he  1- and 2-Hz rates,  it d i d   n o t   r e s u l t   i n  
s i g n i f i c a n t   i n c r e a s e s   i n   t h e  number of   t a rge ts   de tec ted .  

The d i f f e r e n c e s   i n   r e a c t i o n  time as a func t ion   of   the   pos i t ion   o f   the  
l i g h t   i n   t h e   v i s u a l   f i e l d  are d i f f i c u l t   t o   i n t e r p r e t   s i n c e   t h e y  do not  follow 
a pa t te rn   p red ic ted   by  any simple  hypothesis.  Where l a r g e  mean reac t ion   t imes  
occurred,   they were g e n e r a l l y   a s s o c i a t e d   w i t h   t a r g e t   l i g h t s   t h a t  were far from 
t h e   c e n t r a l   p o s i t i o n ,  or a t  t h e   c e n t r a l   p o s i t i o n  i t s e l f .  The f o u r   l i g h t s  
responded t o  least  f requent ly  were t h e   c e n t r a l   l i g h t  and l i g h t s  a t  or beyond 
1 3 O  from t h e   c e n t r a l   p o s i t i o n .  

The detection  and  reaction-time  differences  found as a funct ion  of   the 
l i g h t   t a r g e t   p o s i t i o n   c a n n o t   b e  assumed t o  have  resul ted  f rom  intensi ty   dif-  
ferences among the   l i gh t s   t hemse lves .   F i r s t ,   ex t ens ive   ca l ib ra t ion   p rocedures  
were employed; l i g h t s  were careful ly   equated  and  f requent ly   checked  for   br ight-  
ness   equa l i ty ,   us ing  several observers .   Second,   the  central   l ight  was usua l ly  
used as t h e   s t a n d a r d   t o  which a l l  o t h e r   l i g h t s  were  matched i n   b r i g h t n e s s  by 

8 



looking  back  and  forth  between them. If s u b t l e   i n t e n s i t y   d i f f e r e n c e s  were 
opera t ing ,  one  would e x p e c t   r e s p o n s e s   t o   t h i s   l i g h t  t o  l i e  in   the  middle   of  
d i s t r i b u t i o n s   o f   r e s p o n s e s   t o  a l l  l i g h t s   s i n c e   l i g h t s   t h a t  are d i r e c t l y  
matched  could  be assumed t o   b e  more similar t o  each  other  than l i g h t s   t h a t  are 
equa ted   i nd i r ec t ly ,  by  comparison t o  a t h i r d   l i g h t .  However, i n  t h i s  s tudy,  
t he   oppos i t e  i s  found: t h e   c e n t r a l   l i g h t  i s  a d e v i a t e   t h a t   r e s u l t s   i n  a low 
de tec t ion  rate and  high  react ion times. F i n a l l y ,   t h e   s p e c i f i c   l i g h t s  that  
r e su l t ed   i n   ve ry   l ong   r eac t ion  times at one i n t e n s i t y   l e v e l  were not  necessar- 
i l y  t h e  same l i g h t s   t h a t   r e s u l t e d   i n   v e r y   l o n g   r e a c t i o n  times at another   inten-  
s i ty  level. Figure 4 shows t h a t   f o r   t h e  low in t ens i ty   cond i t ion  a long mean 
reac t ion   t ime w a s  recorded t o  a l igh t   appear ing  a t  16O from t h e   c e n t e r   o f   t h e  
v i s u a l   f i e l d   ( t h i s   l i g h t  was  l oca t ed   a long   t he  15b0 meridian);  for t h e  medium- 
in tens i ty   condi t ion ,   the   s lowes t  mean r eac t ion  time was t o  a l igh t   appear ing  
a t  l7O from the cen te r   o f   v i sua l   f i e ld   ( a long   t he  234O meridian) .  The only 
d i f f e rence  between i n t e n s i t y   l e v e l s  was provided by n e u t r a l - t i n t  f i l t e rs  t h a t  
were ind iv idua l ly  measured  and se l ec t ed  for equa l i ty  of  transmission. If the  
u n f i l t e r e d   l i g h t s  were equa l ly   b r igh t  and t h e   f i l t e r s   e q u a l   t o   t r a n s m i s s i o n ,  
d i f f e rences   i n   r e sponse   t o   va r ious   l i gh t s   cou ld   no t   be  due t o  unsuspected 
v a r i a t i o n s   i n  the  i n t e n s i t y  dimension. 

The most reasonable  explanation  of the l i g h t   p o s i t i o n   r e s u l t s  i s  t h a t ,   i n  
using a f ree-search   pa t te rn ,  the  same l i g h t ,  a t  d i f f e ren t   t imes ,  will very 
l i k e l y  impinge on d i f f e r e n t   p a r t s  of the  re t ina,   causing  changing  response  pat-  
t e r n s .  However, the  data suggest tha t  t h e r e  i s  an overal l   tendency for a sub- 
j e c t  who i s  given no s p e c i f i c   s e a r c h   i n s t r u c t i o n s   t o   s e a r c h   i n  a manner  condu- 
c i v e   t o   a c q u i r i n g   t a r g e t s   t h a t  are c lose   t o ,   bu t   no t  a t ,  t h e   c e n t e r   o f   t h e  
v i s u a l   f i e l d .   T h i s   p a t t e r n   c o r r e s p o n d s   t o  the  l i g h t   s e n s i t i v i t y  of t h e   r e t i n a  
i t s e l f ,  which g ives  a perceptua l   advantage   to   parafovea l ly   acqui red   t a rge ts  
(refs.  13-15).  Haines  has  found similar r e t i n a l - s e n s i t i v i t y   p a t t e r n s  as mea- 
sured by r eac t ion   t ime   fo r   l i gh t s   appea r ing   aga ins t  a star f i e l d  background 
( r e f .  16). D i f f e r e n t   s e a r c h   p a t t e r n s ,   v i a   d i f f e r e n t   i n s t r u c t i o n s   t o   t h e  sub- 
j ec t ,   shou ld   r e su l t   i n   chang ing   t he   l i gh t   pos i t i on - reac t ion  time r e l a t i o n s h i p s  
of the  f ree-search  condi t ion  given  here .  

Ames Research  Center 
National  Aeronautics  and  Space  Administration 

Moffet t   Field,  Calif. 94035 , October 14, 1974 
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TABLE 1.- OVERALL  DIFFERENCES  AMONG  LEVELS OF INTENSITY AND FLASH  RATE 

I Detection 
I I 

Intensity Medium  High 

~~~ 

Flash 
rate, Hz 

Steady 2,4 - 3 - 1 

Low Medium  High 
(1 255) (1  044) (848 1 

"_ 

Low 4 Performance  level b High 
~ 

. ~" - . - . 

TABLE 2.- INTENSITY  ORDERINGS  FOR FIXED FLASH  RATES 

Measures 

Detection 

Low Medium  High 

Medium Low Hiah 

Flash 
rate, HZ 

Steady 

1 

2 

3 

4 

Low 4 

Low Medium  High 

Low Medium  High 

Low Medium  High 

Reaction time 

Low Medium High 
(1789) (1299) (9Ox 
Low Medium High 

(1170) (1011) (878) 

Low Medium High 
(1072) (961 (829)' 

Low Medium High 
(1067) (982) (797) 

Low Medium High 
(1173) (1099) (908) 

Performance *High 
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TABLE 3.- FLASH RATE ORDERINGS  FOR FIXED INTENSITIES 

Intensity 

Low 

Medium 

High 

Detection 

Steady 4 - 2 - 3 - 1 

Steady 1 - 2 - 3 - 4 

Steadv - 1 - 2 - 4 - 3 

Measures 

Steady 
(1  789) 

Reaction time 

- 4 - 1 - 2 - 3  
(1173)  (1170)  (1072)  (1067) 

Steady - 1 - 2 - 4 - 3 
(908) (877) (829) (827) (797) 

Low - Performance b High 
~~ - 
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Figure 1 .- Experimenter’s station. Figure 2.- Subject’s station. 
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